problems in gas turbine power plants such as performance and reliability issues.
Biodiesel contains fatty ethyl methyl ester (FAME) which has similar properties as HSD oil especially with low viscosity characteristics [2, 3, 4, 5] . The most common method used in producing biodiesel is the CPO transesterification process. In this process, the raw material for lipids is converted into biodiesel. One mole of triglycerides reacts with three moles of alcohol to produce three moles of mono alkyl ester and one mole of glycerol. To increase the reaction rate and yield of biodiesel, the catalyst is usually added to excess alcohol, which shifts the equilibrium to the product side because of its reversible reaction [6, 7, 8] . Traditionally, the transesterification process uses solvents including ethanol or methanol and homogeneous catalysts such as KOH, NaOH, and H2SO4 [5, 9] . However, this method has several disadvantages such as extensive separation processes, generation of wastewater, and corrosion of equipment [9, 10, 11] .
A B S T R A C T
I ndonesia is the largest producer of crude palm oil (CPO) in the world. Biodiesel containing fatty methyl ethyl ester (FAME) is oil produced as a derivative process from CPO. Biodiesel has properties similar to high speed diesel (HSD). The Minister of Energy and Mineral Resources (MEMR) made a policy of using biodiesel as a mixture of HSD to be used as fuel in the electricity and transportation sector. There are many problems in the implementation of these fuels, especially in gas turbine power plants such as the impact on performance and reliability. In this study, the effects of biodiesel mixed with HSD were studied using a gas turbine power plant with a capacity of 18 MW. The mixture of 5% biodiesel and 95% HSD (called B5) is used as fuel for testing for 1 month operation. Performance indicators such as load, fuel consumption, specific fuel consumption, exhaust gas temperature, and nozzle pressure are monitored during the testing. Performance data and results of inspection of hot gas lines from gas turbines operated for a month are then analyzed. As the results, B5 has reduced power production, increased fuel consumption, and the potential for heat corrosion in hot gas lines. After carrying out visual and deposit sampling inspections, found many deposits containing Carbon, Sodium and Sulphur. Sediment samples were tested in the laboratory to find out metal contaminants in deposits in the transition pieces, nozzle stages one, and nozzle stages two. The metal contaminants allegedly came from HSD and Biodiesel fuel.
able to operate with a maximum load of 18 MW due to a decrease in the life of the material.
Gas Turbine Monitoring
During 1 month of testing, gas turbine power plants continued to be monitored as usual performance parameters as shown in Table 2 . In this test, B5 fuel was sampled and analyzed four times during the 1 month test. This is done to find out and maintain the quality of the mixed fuel during testing as next as shown in Table 4 . The schematic diagram [12] of the gas turbine operation performance test is shown in Fig. 2 . The dashed line shows the measurement instrument of the operating process, such as fuel sample, fuel flow rate, pressure nozzle, load, exhaust gas, & gas temperature throw away. Turbine inspection and deposit sampling is carried out after 1 month of the gas turbine being operated. The deposit sample is tested in the laboratory to find out the metal material or composition. The results of the composition of the metal are used to determine whether it comes from fuel or gas turbine material.
Fuel Characteristics
Fuel is tested before testing as shown in Table 3 . HSD & biodiesel are tested by CV. Petrolab before mixing in the tank. As shown in Table 3 , the properties of biodiesel are similar to HSD such as kinematic viscosity which is very important in the atomization process in a fuel nozzle. The gross calorific value of biodiesel is lower than HSD Biodiesel has similar properties as HSD as indicated in Indonesian National Standard (SNI) No. 7182: 2015 quality requirements for biodiesel. For physical and chemical properties, biodiesel has a number that is relatively the same as HSD as stated in the decision of the Director General of Oil and Gas MEMR No. 14499K/14/DJM/2008 concerning Standards and Quality of Types of Diesel Fuel Marketed Domestically. But, naturally biodiesel has specific properties such as coagulants or clumps (at relatively low temperatures) and depressants (cleaning deposits in pipelines).
The 18 MW gas turbine power plant used in this trial is an industrial gas turbine produced by General Electric. Gas turbines have been designed to use gas and oil as fuel. This study is intended to determine the effect of performance and reliability of the use of 5% biodiesel and 95% HSD mixtures or B5. Figure 1 that B5 is used as fuel during testing. Biodiesel is mixed with HSD in tanks for 1 month operational consumption. Before being mixed, biodiesel and HSD were sampled and analyzed. Biodiesel and HSD fuels are supplied from two different companies. After being mixed in tanks with a fuel ratio of 5% biodiesel and 95% HSD, mixed fuels are sampled according to the ASTM D 4057 Standard Practice for Manual Sampling of Petroleum and Petroleum Products. Fuel samples were tested and analyzed in the laboratory before being verified and confirmed for use in experiments. Then the gas turbine is operated for a month with continuous base load conditions. During the 1 month trial, performance parameters were monitored in the control room and locally. After 1 month of operation, visual inspection and deposit sampling is done to get the data to be analyzed.
MATERIALS AND METHODS
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Gas Turbine Specification
The specifications of the gas turbine power plant for testing are shown in Table 1 . This power plant has been operating since 1993 for peak load conditions. The plant is installed with a capacity of 20 MW. Because it has experienced long operating hours for years, now it is only Table 4 where the result of the mixed B5 parameter is between the results of HSD & biodiesel.
During 1 month operation, B5 is tested to determine the stability of its parameters. B5 fuel sampling is carried out on days 1, 11, 20, & 29. Shown in Table 4 , the results of parameters such as viscosity, flash point, density, and heating value are relatively stable. But, the water content is not stable.
RESULTS AND DISCUSSION Emission Test
Compared with the limit value of the regulation of the Minister of Environment No. 21 of 2008 [13] , the results of parameters such as NO x , SO x , & Opacity are lower than the limit value. The test is carried out four times a month, and all results do not exceed the limitation value.
Performance Test Result
During the 1 month operation test, we conducted performance tests from fuel sampling to analyze performance characteristics for four times. Shown in Table 6 , the turbine exhaust temperature is limited to below 500 o C. Ex- Table 7 is 0.428 l/kWh. The increase in SFC is 4.66%. Fig. 3 , the load and fuel consumption decrease from the first day to the 30th day. The SFC value increases because the load decreases from the first day to the 30th day as shown in Fig. 4 . The nozzle pressure trend lines 1 to 10 are shown in Figure 5 & 6. The gas turbine has 10 combustion chambers, so 10 nozzles are installed. The average nozzle pressure is shown in Fig. 7 , it appears that the average nozzle pressure decreases because the load decreases.
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Inspection Result
Shown in Fig. 8 , the no. 2 fuel nozzle condition is divided into three different conditions. Seen from the picture, the deposit is formed on the nozzle after being operated by HSD and B5. A white deposit is formed in the combustion liner after being operated with B5 as shown in Fig. 9 (c) . The white deposit is in the transition piece in Fig. 10  (c) , the first stage nozzle in Fig. 11 (c) , and the second stage nozzle in Fig. 12 (c) is taken after testing. The samples are analysed in the laboratory then the results are shown in Table 7 . The deposits mostly contain Na, S, Fe, and Ni. Based on X-ray Diffraction and Dispersive Energy Spectroscopy (EDS), the compounds formed on the deposit are Sodium Sulphate (Na 2 SO 4 ) which has the potential to make heat corrosion [14] to peel off the thermal barrier layer, and to lead corrosion in the basic ingredients contained with Fe & Ni as shown in Fig. 13 . Deposits such as Na and S are likely to come from impurities in the fuel either HSD or biodiesel.
CONCLUSION
The use of B5 in gas turbine power plants has decreased in output power, increased SFC fuel consumption, and led sediment materials that increase the potential for corrosion of hot gases in hot gas path material from gas turbines. Fuel that is clean of impurities and sulphur is needed to reduce this risk.
